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Power System For Dual-Motor-Generators Hybrid Electric Vehicle 

Field of the invention 

The present invention relates to a hybrid power system of a vehicle 
5 fed with fuel and electric power. 

Background of the invention 

It is more and more important to consume energy efficiently and 
protect the environment. Accordingly, hybrid vehicles are becoming main 

10 stream trends, which are efficient, energy-saving and environment protecting. 
Hybrid vehicles relate to techniques on vehicles, power sources, electronics, 
computers and controls, which have been researched and developed for 
more than 10 years in the world. Industrialization of the hybrid vehicles has 
been achieved by Toyota Corp. and Honda Corp., Japan. Hybrid vehicles 

15 have also been researched and developed widely in China. 

Power systems for hybrid vehicles can be divided into three basic 
types, i.e. series arrangement, parallel arrangement, and the hybrid 
arrangement, as well as various variants, each having its own advantages 
and disadvantages. Typical examples are the THS hybrid system of the Prius 

20 Hybrid car of Toyota Corp., and the IMA parallel system of the Insight 
Hybrid car of Honda Corp. The THS system is a hybrid arrangement type, 
which connects an internal combustion engine with a generator and a motor 
via planetary gears. A part of the power source from the intemal combustion 
engine is transmitted to a final drive via a planetary carrier and a ring gear of 

25 planetary gears, while another part drives the generator via the planetary 



carrier and a sun gear of the planetary gears, and then the electric power 
generated from the generator drives the motor. The two parts of the powers 
are transmitted to the driving wheels to drive the vehicle via the final drive 
and the drive shaft. The rest of the power from the intemal combustion 
5 engine is used to charge the power battery via the generator. An electric 
motor can drive the vehicle independently in a pure electric-driving mode, 
which can recover most of the braking energy. The IMA system is a parallel 
arrangement type, in which a motor (motor and generator combined together) 
is arranged between an intemal combustion engine and a clutch. The motor 

10 can start the intemal combustion engine and also supply supplementary 
power. Since it is connected with the intemal combustion engine directly, the 
motor can't drive the vehicle independently, accordingly no pure motor 
driving mode exists, and much less of the braking energy can be recovered. 
The Prius THS system of Toyota Corp has multiple driven modes, 

15 strong hybrid propulsion but with complicated stmcture, great power of 
motor, and high manufacturing cost. Since a part of the power from the 
intemal combustion engine is transformed twice from mechanical power to 
electric power and then electric power to mechanical power again, the 
transmitting efficiency of the entire system is low. The IMA system of the 

20 Insight Hybrid car of Honda Corp. has simpler stmcture, lower 
manufacturing cost, however it has less driving modes, weaker hybrid 
propulsion, more energy-consumption and more exhaust gas emission than 
those in the Prius THS system of Toyota Corp. 
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Summary of the mvention 

The power systems for hybrid vehicles in the art either have high 
energy efficiency but with compHcated structure and high manufacture cost, 
or have simpler structure and low cost but with low energy efficiency. An 
5 object of present invention is to provide a new type of power system for 
dual-motor hybrid vehicles with a simple structure, low cost, less energy 
consumption and less exhaust gas emissions, and which is capable of 
switching driving modes in accordance with the driving conditions. 

To achieve the above object, the present invention provides a 

10 power system for a dual-motor hybrid vehicle, comprising: an intemal 
combustion engine, a clutch, a stepped transmission, a drive shaft, a brake 
system and driving wheels, wherein the power system fiirther comprises: a 
main motor, a rotor shaft of the main motor connected to a output shaft of 
the stepped transmission; an auxiliary motor, a rotor shaft of the auxiliary 

15 motor connected to a crankshaft of the intemal combustion engine via a 
drive mechanism; the main motor and the auxiliary motor are electrically 
connected with a power battery, and an entire vehicle controller, which can 
make the power system work in the following operation modes 
automatically: 1) when the vehicle is in low-speed running operation 

20 condition, the system works in a pure electrical driving mode in which the 
intemal combustion engine does not work, and only the main motor drives 
the drive shaft, or the system works in a series driving mode in which the 
intemal combustion engine only drives the auxiliary motor that generates 
electric power, and the generated electric power is transmitted to the main 

25 motor via the power battery to drive the drive shaft; 2) when the vehicle is in 
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full-accelerating operation condition, the system works in a parallel driving 
mode in which both the intemal combustion engine and the main motor 
drive the vehicle simultaneously; 3) when the vehicle is in braking and 
decelerating operation condition, the system works in an energy recovery 
5 mode in which the main motor is controlled to brake and generate electric 
power, and the power battery is recharged; 4) when the vehicle is during 
transmission shifting, the system works in auxiliary-driving mode in which 
the main motor drives the vehicle auxiliary during shifting; 5) when the 
vehicle is in idling stop operation condition, the system works in an idling 

10 stop mode in which the intemal combustion engine stops working, and 6) 
when the vehicle is in normal driving operation condition, the system works 
in normal running mode in which the intemal combustion engine drives the 
vehicle independently. 

Accordingly, the present invention provides advantages by using a 

15 dual-motor system, and the vehicle can be drive in several modes. With a 
stepped transmission (manual transmission MT or automatic transmission 
AMT), a simple and compact stmcture is achieved as well as having light 
weight and low cost, which is suitable for conventional power systems for 
vehicles. The main motor drives the driving wheels in a changeless speed 

20 ratio, and the main motor drives the vehicle auxiliarily during shifting when 
the clutch is released, thus power driving will never cease during shifting, 
and the vehicle is made more comfortable to ride. Also, the distance of the 
driving line between the motor and the wheels is short, which ensures the 
high efficiency in the motor driving mode and braking energy recovery 

25 mode. 
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Brief description of the Drawings 

Fig. 1 is a schematic view showing a basic arrangement of the 

invention; 

5 Fig. 2 is a schematic view showing a variant arrangement derived 

from the arrangement of Fig. 1; 

Fig. 3 is a schematic view showing the principle of the power 
system of the invention; and 

Fig. 4a-4h are schematic views showing the applicable driving 
10 modes and the energy- transmitting directions of the invention, in which Fig. 
4a illustrates the idling stop mode, Fig. 4b illustrates the electrical driving 
mode, Fig. 4c illustrates the serial driving mode, Fig. 4d illustrates the 
parallel driving mode, Fig. 4e illustrates the hybrid driving mode, Fig. 4f 
illustrates the engine driving and generating electric power mode , Fig. 4g 
15 illustrates the engine driving mode, and Fig. 4h illustrates the brake energy 
recovery mode. 

Description of the preferred embodiments 

The configuration of the present invention will be apparent from 
20 the following description of embodiments with reference to the 
accompanying drawings. 

As shown in Fig. 1, the power system of the present invention 
includes an internal combustion engine 1, an auxiliary motor 2, a clutch 3, a 
transmission 4, a main motor 5, a final drive and differential 6 and a driving 
25 wheel 7, which are connected in series, and the auxiliary motor 2, the main 



motor 5 are electrically connected with a power battery 8, respectively. The 
main motor 5 is arranged adjacent to the transmission 4, the rotor shaft of 
the main motor 5 being connected directly with the output shaft of the 
transmission 4, the auxiliary motor 2 is arranged between the intemal 
5 combustion engine 1 and the clutch 3 , the rotor shaft of the auxiliary motor 
2 being connected with the crankshaft of the intemal combustion engine. 

As shown in Fig, 2, in the arrangement shown in the Fig. 1, the 
main motor 5 may also be connected with the output shaft of the 
transmission 4 via a drive mechanism 9, the auxiliary motor 2 may also be 

10 connected with the crankshaft of the intemal combustion engine 1 via a 
drive mechanism 12. A clutch 10 and a clutch 13 may also be arranged 
between the main motor 5 and the transmission 4, and between the auxiliary 
motor 2 and the intemal combustion engine 1, respectively, so that the main 
motor 5 and the auxiliary motor 2, when not mnning, can be disconnected 

15 from the transmission 4 and the intemal combustion engine 1, respectively, 
thus less energy will be consumed. The auxiliary motor 2 may also be 
connected with the drive mechanism 12 via a transmission 11. The drive 
mechanism 9 of the main motor and the drive mechanism 12 of the auxiliary 
motor can be driven by belts, chains, or gears. The main motor and the 

20 auxiliary motor are connected independently and separately from each other, 
both of which can vary in muhiple variants. 

The working principles for the basic arrangement of the power 
system of the present invention are mainly the same as those for derived 
variants. One example of a derived variant will be described below for 

25 illustration of the working principles of the power system. 
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As shown in Fig. 3, 1 denotes an internal combustion engine, 2 
denotes an auxiliary motor, 3 denotes a clutch, 4 denotes a transmission, 5 
denotes a main motor, 7 denotes a front (driving) wheel, 8 denotes a power 
battery, 12 denotes a drive mechanism, 14 denotes an internal combustion 
5 engine control unit, 15 denotes a spare starter, 16 denotes a right drive shaft, 
17 denotes a transmission controller, 18 denotes a transmission switch, 19 
denotes a signal circuit, 20 denotes a ignition switch, 21 denotes an entire 
vehicle controller, 22 denotes a brake pedal, 23 denotes an accelerator 
pedal, 24 denotes a battery control unit, 25 denotes a rear wheel, 26 denotes 
10 a rear axle, 27 denotes a distribution box, 28 denotes a high voltage DC 
circuit, 29 denotes a DC/DC converter, 30 denotes a main motor controller, 
31 denotes a regular low voltage battery, 32 denotes an auxiUary motor 
controller, 33 denotes a left drive shaft, 34 denotes a low voltage circuit, 35 
denotes a high voltage AC circuit, respectively. 
15 In the arrangement, the main motor 5 is arranged in the rear end of the 

transmission 4 (the transmission being in the form of AMT and integrated 
with a final drive and differential), the rotor shaft of the motor being 
connected with the output shaft of the transmission directly. The auxiliary 
motor 2 is arranged on one side of the intemal combustion engine, and is 
20 connected with the fi'ont end of the crankshaft of the intemal combustion 
engine via belts. In the arrangement, the main/auxiliary motor controller 
30/32, the controller 17 of the automatic mechanical transmission (AMT), 
the entire vehicle controller 21 and the battery control unit 24 are electronic 
devices of the hybrid power system required for energy-management and 
25 automatic control. The transmission switch 18, the ignition switch 20, the 
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brake pedal 22 and the accelerator pedal 23 are devices for transferring 
instructions from the drivers. 

The entire vehicle controller 21 of the present invention can 
control the power system of the dual-motor hybrid vehicle, in accordance 
with the drive modes and parameters from parts when the vehicle is in 
different driving conditions, which will be schematically illustrated below 
with reference to Fig. 4a - Fig, 4h. 

1) Pre-starting condition. After the ignition switch 18 is tumed on, 
firstly the entire vehicle controller 21 checks the status of the various 
systems of the vehicle, and the vehicle will be in the normal starting 
condition. 

2) Starting condition. After the transmission switch 1 8 is set in driving 
mode and the accelerator pedal 23 is depressed, the entire vehicle 
controller 21 receives a starting signal and sends instructions to start 
the main motor 5 to work via the main motor controller 30. Electric 
power from the power battery 8 is transmitted to the main motor via 
the distribution box 27 and the main motor controller 30, and the 
main motor starts to work, then the motor power transmitted to the 
driving wheel 7 via the output shaft of the transmission 4, the final 
drive and the drive shaft 16/33, and the vehicle is started to run. 

3) Low-speed running condition. After being started, the vehicle is 
driven mainly by the main motor 5. This is the pure electric motor 
driving mode, as shown in Fig. 4b. When the quantity of electric 
charge of the power battery 8 is less than a certain value, the entire 
vehicle controller 21 sends instructions to start the intemal 
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combustion engine via the internal combustion engine control unit 
14 and the auxiliary motor controller 32. After the internal 
combustion engine is started, the auxiliary motor controller 32 
quickly starts the auxiliary motor system in generating power mode. 
The generated power is transmitted to the driving wheel 7 to drive 
the vehicle via the auxiliary motor 2, the auxiliary motor controller 
32, the distribution box 27, the main motor controller 30, the main 
motor 5, the output shaft of the transmission 4, and the final drive 
and the drive shaft 16/33. This is the series driving mode, as shown 
in Fig. 4c. 

4) Normal driving condition. The intemal combustion engine works in 
the region with high efficiency. The vehicle is driven only by parts of 
the output power from the engine, and the rest parts of the output 
power is for driving the generator so as to recharge the power battery 
8. This is the intemal combustion engine independent driving mode, 
as shown in Fig. 4f, 4g. 

5) Full-accelerating condition. When the accelerator pedal 23 is stepped 
down completely to accelerate the vehicle, if the quantity of electric 
charge of the power battery 8 is more than the lowest limit of a 
preset SOC value, the output power from the intemal combustion 
engine 1 and that fi'om the main motor 5 will both be at the max 
value, which will be combined together at the output shaft of 
transmission 4 to drive the vehicle. This is the parallel driving mode, 
as shown in Fig. 4d. 

6) Braking and decelerating condition. When the brake pedal 22 is 



stepped down to decelerate the vehicle, the brake signal is 
transmitted to the entire vehicle controller 21 by the brake pedal 
position sensor. The entire vehicle controller 21 calculates the brake 
torque of the motor in accordance with status of the hybrid power 
system, and sends instructions to the main motor controller 30, 
which controls the main motor 5 to brake and generate electric power. 
The generated electric power is then recharged to the power battery 8. 
This is the vehicle brake energy recovery mode, as shown in Fig. 4h. 

7) Idling stop condition. When the vehicle is stopped and the intemal 
combustion engine is in idling status, the entire vehicle controller 2 1 
decides whether the vehicle meets the condition of idling stop in 
accordance with the status of the hybrid power system. If the 
condition is met, the entire vehicle controller 21 sends the 
instructions to the intemal combustion engine control unit 14 to stop 
the engine. This is the idling stop mode of the intemal combustion 
engine, as shown in Fig. 4a. Otherwise, the intemal combustion 
engine 1 stays in idling status, until the condition is met or changed 
to other modes. 

8) Auxiliary-driving condition during transmission shifting. In the 
normal driving condition, when the clutch 3 is released during 
shifting, the entire vehicle controller 2 1 give instmctions to make the 
main motor 5 run via the motor controller 30. Accordingly, power 
will never cease during shifting, making the vehicle more 
comfortable to ride. 



10 



